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AZSTRACT

Pacpiration rates of liver and iantcrscapular brown fat nmitechondyia

i

feca coatrol and hivornating pround squirrels (Citellus laterclis) wore

cotermined with vericus cubstrates. Oxidotion of  (e-glycerophosrhate cn

clutermate by brown fot mitochondria from hibernoting andmals wes inerecccd,

~copeetively, 479 and 36% over contrelz. Liver mitcchondria froo hiber-
rating animals showed a 50% increase over controls in oxidetlon of -
cuceinate, but a 34% decrease with  -glycerophosphata. The inercased

cicddative activity of brown fot, together with c LO%h increase in the

U

vcvn fat weight/body weight ratio, indicates that the thermogcaic eapce-

bility of brown fat is enhanced during hiberastion.
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LIMCTUCTICH:

Ia ihe homster, mitochondria of Loth brown fat (2) ;.3d liver (3)
uudergo c:roensive blocnemdeal changes in the process of cold acclimaoticn
and hibernstions During cold acclimation there axe iacxcases bota in tho
wass of the brown fabt and in its oxidative ezmymatic; cetivity (2), fre=
wialch it hac been adduced (&) that as in the rat (17) toerc is a net
increase in the therumogenic capaciity of the brown .fat. Morceover, heat
sroduction fraa this tissue appears esseatlal té the process of arousal
from bibezrnation (12, 15). |

To afford further comparisons between variocus hibernotors, the

golden-mantled ground squirrel, Cliellus laterolls, bas beea cxomined

aurlng outhernia and hibernation. Results £xraa these studics are

sopoxeed in thils D3PETy
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METICDS AD MATZRIALS

Colden~montled ground squirrels (Cite)lus lstoralis) tropped in the

carly 721l mear Big EBear, Califorala, were divided into tuvo growpa. Cne
vos placed in o rocm at 2 * 19C for thres rmonths, ond the other {(control
croup) was xept in the onizmal coloﬁy roc ab 2k 206. All enimals were
cxposed to 10 hours of light per day, éaged individuclly o2 weed caips, -
vith hemp for bedéing, and given Purinz lcborotory chow pellelis cad water
23 libitun. Using the technique deceribed by Pengelley end Ficher (9)
the progress of hibernpation wes followed for each enimal.

Juct prior to saerifice the body terpercture of each animal was taken
uickly. Those in the control group were slweys between 35 end 35°C, and
wless the Zemperature of & hibernating animal was below 59C 1t was not
coasidered in hibernation and was concequently not used at that time., T,
in cddition to the different envirommental texperature of the two groups,
control anima2ls had a body tempercture cloge to 37°¢, whi_le the fc::pcraturc;
of hibernating ones wers betuwccn 3 and 5°C. .

Tae onimals were killed by decapitation, and the interscepular brown
caipose ticsues cnd llvers were removed, weighediand iced quickly. Mito-
chcadris of both tissues were thea isolated accbrding tc methods described
cisevhere (11) exeept that brown fab mitochondria were icolated in 0.4k M
sucrose as sugzested by Lever and Chappel (8).

Mitochondrial respiratory rates on respective substrates of A=-hydroxy=~
botyrate, < -glycerophosphate, glutamate, ond suceinale were deternincd
polorogragaically with a Clark clecirede. The mixtures were basically
those of Copenhaver end Laxdy (5) é::cept for“:‘.adifications degeribed in the

text.
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Tor deterninaticn of the rodtes of liver mitechendricl ciidolion of
g -nydrosysubyrate snd glutimate, the reoction mlsture ccatodned (4 j molecys
phossncte buffer (pH 7.3), 2; MoSOy, 22.4; cybochreme ¢, 0.03h2; ADD, 3h.Chy

AT?, 5.09; NAD, 1.51; nicotincmide, 10; and gubstrate, 100. Thae total volume

(RS
13

cluding 0.5 ml of mitochondrial cuspension wag 3 mi. Reaction nixtures for
liver mitochondrial oxidaticn of «L=zglyccrophosphate a3 well es those for
witochiondria of brown a6 vere varied cceording to the emzyme system studied
(Tcble 1)} the total voluma in each cese was 3 ml, and the f£inel FH, 7.3
For nitrogen determinaticns & stendord Kjeldehl method was used, and for
protein assays, the standard Folia-Ciocaltexrs

Statistical evaluatione vere made Lirst fby cozparisons of vorience,
gnd, whero indiccted, alco by Student's t-test spplied to group differencecy

thogse were cansidered cignificant ot < 0.05.

Daring the epproximate two wonthe of hibernation pxﬂtor to ::céificc
tze hiberneting squirrels sustained losses in body weight of chout 20%
zore thea the controls (Table 2). Along with this, liver weights dropped
nreportionately o that the wmass ratio, liver weight/oody weight, rencincd
constont, Conversely, the cboolute welist of the broun fot increcsed by
cSout 40% cnd hence the macs ratio, brown fot/body weight, inereased by @
Tector of two (ﬁgure 1). Tae brownm fob Guring hibernatioa eppesred upon

section to be decper in color than that of the controls, mad the nitroe
gen content of the mitochendrial fractican was hig,her by come 385 (Table

3). Tao ccuparable froctica taken fren 14ver ghowed no chenge in nitrogea.



Recpiration of mitochondria (Peble L) frea brovn fad of the hibersssis
ciimals inereased over coatrels in the prescace of cither Le-glycerozhos: kot
or glutemate but nob with either cueceinate or Shydroxgybutyratc., In cone-
tract, the liver mdtochondric frcn hibvernating squirrela ghoved an 4nereazad
weopliriiory rate oaly on succinate and o coxguhab dccr 2sed rete ea

A=-glyceroghospaate, (a the latier suboirote, respiration wos very slou,

l.c.y Of the order of 5 to 109 of that in broun fot mitochoandria.

“zcucciens
In theze ground squirrels, as in haxsters (2) the respiretica of
tochordria on d=-glycerophosphote was low in systems frem liver tut
relatively high in those from browa fab. The sipgnificcnce of this may
ile in the celorigenic potential vhich cpparently derives from the oxides
tion of d-glycercphosphate through cytochreme o (7), by & poorly zhosphuory=
leiing pathuvey (ef. 6, 1k). A similor thermogenie effector action may also
occur in brova fat of other species during cold acelimation (13, 17) aad
in the arcusal response of the hibernator (12, 15, 17). Moreover, the
level of ectivity over that in liver would suggest a qualitstive difference
iz the major puthways of heet production cuployed by these reszcective
tizoues. Yhus in coldezcelimoibed hocmcterc, broxml fat- mitochondric failed

9,

t0 shovw increased succinoxidase zotivity. In the liver of grcund squirrela
houcver, the greaber coctivity of mitochondrié from the hibernating aninsls
over that of the controls is reminiccent of simila.r diflorcrnces chserved
Za guccinde achydregeasse cobivity smong voricus cold treated rmcnts

{3, 13, 1b). Zgoin, watle cluScmate wes oxidized most repldly inm the

iver gystems, oxnly the browa Lot mitochozdria choved e significant ine

}«l

crease of cetivity 4in the hidberanaling cnimals,
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Comz ixmvecoion of tho rolztive elflclcacy of reopiralory couplic:

J

in thece tisoucs oy be padoed Ircw ccunoricos of the cO cotcingd with

liver and browa foi on each suistrate with that eca Ahydroyiuilyrate
(Tadble &) aftor each 45 pmormalized for (heoretical PJO éiffercanccs. a

this basic, the difference belweon thece nor:alizcc values and {hose
cotelined expirically reprc,cwus rovghly Who fncrament of vecpiveation
Walch evidently d4d not contribute to phoshorylatica. .If tais ciffers
cace ic azowmed $o reyprosont thie cxtre calorie yield 4inm cach caze, &0 2o
cvidend froa the tadble fhat sebotontinlly preater head yieldo copeay in
tiae gyztons from hibvermating caimesls than in cenirols for cuccinste
weiliration in liver end for bk succinate oad d-~glycercphoopacie
weilization in browm fat.

The faet that the liver pize desreaces in hiberacting ground squirsele

ot {necrcases 43 coldeacclinmating hemsiors, is further cvidence of the
¢iZfercnce in paztefns of the physiolozical respenses qb:crvcd in theoe
0 goecles,

The nitrogen/pa dry weight of brewn fef mitochendria of i hibors
noting gro:né seuirrel (Tabie 3) i8 cucugh chove the centrol waluz to
cuopest toet a wholessle change i the protein centent haos occurred in
tne mitochondrie) however, ab least cooc of the ébservable nitrogen
inercode may kave resulicd frca changes in mitechondriel RIA, or
vitrogen centalning cofactors.

The data seen to chov that the indrocellular physiciczical chanyges,
ez well as the grozs welcht ehange in tue brown fab cbocrved in hibernating

<,

nimads, are in foct due to tao celd euvircoment ab valch thcy wore kepts

N\
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These internal chenges probably contribute greatly to the cauge of the
observed phenomenon in this spocles thet 2 cold eavironment spoeds the
onset of hibernation dut is not necessary for it to take place (10).
It 43 izmportant to note that the control animals kept at 24°C showod
alzost no signs of hibernating, vhich ig et variance to previous research
on this specles (10). PFurthermore, the group at 25C'hibcrnated later
than vould have been predicted from previous work., The dicercpencles
are prooably due to physiological differcnces in the two subspecios
concerncd., The aubspaciés used in this research was boernardirus found
et the most southern point (latitude 34 #) of the sﬁecies' range, vhile
. the previous vork vas on tescorunm found et the most northermn point
(latitude 53 ¥). Ap animal ot the northern limit wvould be well sdapted
to its harsher environument 4if it hibernated early in the scason, while
en anizal at the southern limit would be woll adspted if {t hibernated
.later, or perhaps not at all if the mean envirommental temperature was
varn enough. A ¢old environoent has becn shown here to affect the écllu-
lar biochemistry in such & way as to apparently prepare the aniﬁal rapidly
and efficiently for entrance into hibernation. Orne con see therefore
that from an evolutionary view, this i{s a good mechanisa for enguring
intraspecific adeptation in the form of a differentisl time of entrance

into hibernation in a species witk o wide range of latitude.

Suxmary:
Studics were mede on the offccts of cold acclimation culminating in
hibernation, on the welght and the mitochondrizl nitrogea content ond

cnzynatic gctivily of brown fab eond liver of gronné squirrcls (Citellus
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leteralis). The hibernating anizals vere lving at a roca tesnereture of
2 *1°c, Tne body and liver weights of the mﬁem;tms enimals romained
in constant ratio as both were apprdx'imptc.’g‘yy 20% iqvévr than in coatrols;
but as concurrently the brown fat 'was L0 glx.'_zajﬁcr',f its retio to body
weight of the hibernating animals was double that of the control. 3Browa
fat mitochondria from the hibernating squirrels showed significunt 1ncréascs
in respiration associated with d-glycerophosphete but mot with A-hydroxy-
butyrate or glutamate., -In the hibernating M‘We oxidation was
increased in mitochondrial systens from W rown m and liver dbut
significantly so only in the htt;.or. thm”r ga (dry weight)
of mitochondria was .lmclnnged in nver but mm higher in the
mitochondria of browa fat from bibernating squirrels. It is concluded
that a cold emri;onnent increascs both the size snd the thermogenic poten-

tial of the brown fat in the ground squirrel Citellus lateralis, which

enhances the animal's preparation for hibsrnation.

i
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Footaotes

ADP = sdenosine diphospbate
ATP : adenosine tr&phbcphato .
HAD ¢ nicotinamide adenine dinucleotide
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Legends for figures

Tigure 1 Regression lines of drown fat weight vs dody veight for
control and hidernating ground iqurroh. When tested
statistically at a body veight of 215 gm, veights of
brovn fat from control and hibernating snimals differ:
signifieantly from esch other (p . 0,001),

h
i
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